The main objective of this study was to perform assessment of water quality of Graçanica River (Kosovo), impacted by Kishnica and Badovci flotation tailing dams, using ICP-OES method. The obtained results show that the mean values of all heavy metals in studied river water samples were significantly high, with following maximal concentrations: As (0. . According to assessment based on Croatian standards, locations near both flotation tailing dams are significantly polluted with majority of studied metals, while downstream sampling stations are almost unpolluted or slightly polluted. Mercury is found to be the most significant contaminant. According to WHO recommended values for drinking water, on all locations values were within the limits for Al, Cd, Cu, and Zn, while for As, Cr, Hg, Mn, Ni, and Pb values exceed recommended values on some sampling stations. Further monitoring of water and possibly sediments of Graçanica River is advised, as well as performing of remediation of Kishnica and Badovci mine tailing dams.
Introduction
Today heavy metals (Cd, Cu, Zn, Cr, Hg, Mn, Ni, Pb, etc.) are significant environmental pollutants, and every day their dangers and toxicity for biosphere are increasing [1] . Many heavy metals are distributed in soil and natural waters and smaller amounts are present in atmosphere as particulate or vapors. Some of these heavy metals like Cu and Zn are essential elements to life as cofactor and activators of enzyme reactions [2] . Mining and mining activities are source of metal contamination of life systems and could have an impact on the environment and life system and can cause associated diseases [3] [4] [5] . Mining activities generate waste rocks and concentrator tailings without any environmental and life protection [6, 7] .
Animal activities on contaminated plants and using heavy metal polluted waters accumulate heavy metals in their tissues and milk. Heavy metals are easily passing from polluted surface waters to ground water [8] [9] [10] . Drinking water gradually became scarce commodity, due to mixing up of huge contaminants through natural process like soil and rock weathering and anthropogenic activities [11, 12] . Metallic elements are environmentally stable and can enter living system through polluted water, soil, and air and can accumulate up to extended period, resulting in acute adverse effects on life system. Metals in natural waters allocate between dissolved species and species bound to particular (colloid) particles and for better understanding of cycling of trace metals processes it is necessary to know their distribution and their particular concentration of species [13] [14] [15] . Frank Riesbeck elaborated the most environmental hazards associated with the tailings impoundment, with or without restart of the work of concentrator's in Leposaviq and Kishnica 2 Journal of Chemistry (http://www.ks.undp.org/content/dam/kosovo/docs/TrepcaConf/TREPCA%20Conf%20Report Engl.pdf). The author considers that contamination of groundwater beneath of the impoundment by metals leaches from the tailings, contamination of sediments and surface water from tailings materials, eroding from the faces of the tailings impoundments and from the contaminated agricultural soil [16] . To assess the water quality of a water body, four main approaches can be used: water quality index, trophic status index, statistical analysis of the water quality data such as correlation analysis, and biological analysis [17] . Multivariate statistical methods, such cluster and discriminant analysis, have been proved to be one of the most useful tools for extracting meaningful information from data sets [18] [19] [20] [21] . Unfortunately none of the mentioned multivariate statistical methods was applicable to our data. The main reason for that is small number of samples (cases). As a rule, number of used variables in such multivariate statistical study should not exceed number of samples (cases). Using of only <6 variables in such multivariate analysis would make results not reasonable, so we decided not to apply those methods in the current study.
This study about river water quality is a continuation of studies [22] [23] [24] [25] [26] [27] on quality of the surface and ground waters in Kosovo. In Kishnica district there are huge flotation deposits, accumulated from flotation process of minerals from mine of Kishnica, Hajvalija, Badovci, and Artana. This area is rich in natural resources, important for the economic development of Kosovo. The Kishnica mine location and its industrial potential represent an area of potential pollution and can be considered as environmental hotspot. This site is polluted by numerous tailings, scattered irregularly and without any measure to prevent environment damage [28] . In 2012 a project entitled "Clean-Up of Graqanka River Bed in Lapje Sella Village of Graçanica Municipality" implemented in the framework of "EU-Beautiful Kosovo Programme" (http://www.kosovoprojects.eu/en/content/clean-gracankariver-bed-lapje-selllaplje-selo-village-gracanicegracanicamunicipality) was performed, in order to rehabilitate the river bed. Unfortunately this project did not study pollution chemistry of water or sediments. The river of Graçanica is located near the deposited flotation tailings (total area from 40 ha with average height of 20 m is disposed 5.9 mil⋅m 3 of tailings) in Kishnica and Badovci villages [29] . Further, the objective of this study is to know the influence of flotation activity on the concentration of heavy metals in river water of Graçanica.
Study Area and Sampling
The Graçanica is a river originating from Gollaku Mountain about 19 km long left bank tributary to the Sitnica River. The river originally flows to the west and receives many streams coming down from Badovci, Kishnica, and Hajvalija villages. The composite valley of the river is densely populated, with several large villages (Badovci, Kishnica, Graçanica, Hajvalija, Laplje Selo, Preoci, Lepia, Dobreva e ulët, and Vragolia). Near the village of Vragolia, the Graçanica River splits and empties into the Sitnica River. Sampling of water samples was performed at 12 may 2014 and the sampling network was established in order to cover the river spatially, taking into account anthropogenic pressures on the river. Geographic coordinates were determined using GPS device Extras, "GARMIN, 12 channel" and locations were well described. Portable instruments were used to measure water temperature, electrical conductivity, pH, and total dissolved solids. Water samples were collected in polyethylene bottles (bottles were rinsed with lake's water). Water samples were collected for analysis according to the recommended procedures [30] [31] [32] . A quantity of each water sample was extracted and filtrated to determinate turbidity, alkalinity, total hardness, and so forth. Rest of water samples were preserved according to standard procedures [33] [34] [35] . The study area with the sampling stations is presented in Figure 1 and the details about sampling sites are presented in Table 1 .
Materials and Methods

Determination of Physicochemical Parameters.
Water temperature, pH, EC, and TDS were performed immediately after sampling using pH-meter, model "Hanna Instruments, pH & EC." Determination of the turbidity was performed using "HACH 2100P ISO Turbidimeter." Total hardness was determined by EDTA volumetric titration. Chemical consumption of KMnO 4 was determined by Thiemann Küebel volumetric method.
Determination of Heavy Metals by ICP-OES.
Determination of the concentrations of heavy elements is difficult and the results obtained often vary according to the chosen analytical technique. Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES) is the detection of the light emitted by the elements in a sample introduced into an ICP source. The measured emission intensities are then compared to the intensities of standards of known concentration to obtain the elemental concentrations in the unknown sample. Chemical analysis of heavy metals in river water was performed in commercial laboratory "Agrovet" using Perkin Elmer "Optima 2100 DV ICP Optical Emission Spectrometer." Limits of detection (LOD) of some metals were as follows: Al (0.001 mgL 
Statistical
Methods. Software Statistica 6.0 [36] was used for the statistical approach in this work, such as descriptive statistics, Pearson's correlation factor and two-dimensional box plot diagrams for determination of anomalies (extremes and outliers) for solution data. Relationships between the observed variables were tested by means of correlation analysis. The level of significance was set at < 0.05 for all statistical analyses. It was qualitatively assumed that the absolute values of between 0.3 and 0.7 indicate good association, and those between 0.7 and 1.0 strong association between elements. Table 2 are presented values of some physicochemical parameters determined in river water samples of Graçanica.
Results and Discussion
Physicochemical Parameters. In
Water temperature varied at different locations and ranged from 14.9 to 20.6
∘ C, what might be due to the rate of chemical reactions and the nature of biological processes taking place in aquatic system. The pH affects chemical and biological processes and temperature affects the availability of oxygen concentration in the water. Based on pH measurements, the river water is slightly acidic with values ranging from 6.14 to 6.87, what is much lower than the values found in karstic rivers of Croatia (pH up to 8.7) [37] . The lower pH at stations S 2 , S 3 , and S 4 may be due to the dissolution and decomposition of sulfide minerals including metal sulfides deposited in flotation tailings in Kishnica. Mean values of EC values are relatively high in the whole course of Graçanica River and were about three times higher than values measured in karstic Kupa and Rječina Rivers (Croatia) [37] . These values are above highest desirable World Health Organization limit (1000 scm −1 ). There is an influence of pollution from mining activities from Hajvalija and Kishnica mines and from deposits of the flotation tailings of Kishnica and Badovci. Going downstream EC values are gradually decreasing to the lowest value of 1184 Scm −1 , which is measured at station S 6 near the confluence of Graçanica with Sitnica River. TDS give information on the total cations and anions in waters, which are also a possible sign of anthropogenic influence. The effluent draining and mine wastes contained elevated levels of those ions. TDS values (behave similarly as EC) of all water samples ranged from 1.6 to 53 mgL Table 3 are presented concentrations of 10 heavy metals (mgL −1 ) in water of Graçanica River in comparison with WHO standards for drinking waters. The descriptive statistics summary of the selected variables of water samples are presented in Table 4 . For each variable, the values are given as arithmetic mean, geometric mean, median, minimal, and maximal concentration, variance, and standard deviation. Scatter box plot diagrams for measured variables are presented in Figure 2 . Using experimental data from Table 3 , obtained by ICP-OES method and box plot approach [38] , anomalous values (extremes and outliers) of 8 heavy metals were determined (Table 5) .
Distribution of Heavy Metals and Their Mutual Correlations. In
Only two samples (S 1 and S 2 ) showed anomalous values. Correlation Pearson's factor for 9 variables was calculated to see if some of heavy metals were interrelated with each other and the results are presented in Table 6 . The statistical regression analysis has been found a highly useful technique for the linear correlating between various water parameters. The correlation coefficient indicates positive and negative significant correlation of variables with each other. Positive correlation means that one parameter increases with other parameters and negative correlation means that one parameter increases with other parameters decrease. Journal of Chemistry 
Assessment of Water Quality of Graçanica
River. Classification of river water at each sampling location, based on concentrations of toxic metals, was performed using available standards from Croatian legislation (Narodne Novine 107/95 1998). According to mentioned legislation, water quality is determined for following 7 metals: Cu, Zn, Cd, Cr, Ni, Pb, and Hg. All of them have been studied in the current paper and will be discussed. According to Croatian legislation, water is divided into 5 categories estimating toxicological influence on living communities of water bodies:
(I) No anthropogenic contamination with metals exists.
(II) Concentrations are not significantly higher than natural levels.
(III) Concentrations are lower than permanent toxic level.
(IV) Concentrations are periodically above permanent toxic level, but they do not cause permanent toxic conditions.
(V) Concentrations are above the permanent toxic level and are causing permanent (acute) toxic conditions.
According to concentrations of copper (Cu), water on all studied locations belongs to (I) category (<2 gL . According to concentrations of mercury (Hg), water on three studied locations (S 2 , S 3 , and S 6 ) belongs to (V) category (>1.00 gL −1 ) and on one location (S 5 ) it belongs to (IV) category (0.10-1.00 gL −1 ). On two locations (S 1 and S 4 ) it is under detection limit (0.001 mgL −1 ) and therefore it is hard to estimate whether it belongs to category (I), (II), (III), or (IV), due to limits of used ICP-OES method.
Chemical data from Table 3 , scatter box plot diagrams (Figure 2) , and World Health Organization standards for drinking water can be used for the assessment of water contamination by toxic heavy metals (As, Cd, Cr, Cu, Pb, Zn, Mn, Al, Ni, and Hg). Heavy metal concentrations in natural waters are very low due to their low solubility in the aquatic environment. However, tens to hundreds of times these concentrations of the metals can be found in waters contaminated by various sources [39] . High concentrations of heavy metals which were found in river waters may be derived from interaction of rain with tailings containing elevated levels of these metals. Heavy metals from acidic tailings with sulfide minerals can be extracted by large amounts of rain, especially in the wet season. Thus, they can be continuously discharged downstream and decreased exponentially with distance from the tailings.
From the influence of deposited flotation tailings of Kishnica, Arsenic generally appeared to be significantly concentrated with maximum content of 0.029 mgL −1 in sample S 4 . Samples S 3 -S 6 exceed recommended standards for drinking water. The mercury generally appeared to be significantly concentrated in the river water in samples S 2 , S 3 , and S 6 as influence from deposited flotation tailings in Kishnica. The chromium appeared to be significantly concentrated in the samples S 1 and exceeds recommended WHO standards for drinking water as influenced from mining pollutants Hajvalija, Badovci, and Kishnica. The manganese appeared to be significantly concentrated in samples S 2 and S 3 as influence from deposited flotation tailings in Kishnica. The nickel appeared to be significantly concentrated in samples S 1 , S 2 , and S 3 as influenced from mining pollutants (Hajvalija, Badovci, and Kishnica) and deposited flotation tailings of Kishnica. The lead appeared to be significantly concentrated in all samples and exceed recommended WHO values. The lead appeared to be significantly concentrated in samples S 2 and S 3 , as influence from mining pollutants and deposited flotation tailings in Kishnica. Decreasing of concentrations on some locations is caused by processes of adsorption, precipitation, and change of geologic setting. The concentration of aluminium in all samples of drinking water is under detection limit. The concentrations of cadmium and zinc were relativity high, but in all samples they were under recommended WHO norms for drinking water. Figure 3 is presented downstream spatial distribution of 8 heavy metals (As, Hg, Cd, Pb, Cr, Mn, Cu, and Zn) in water of Graçanica River. From those graphical presentations, it can easily be observed that along Graçanica River there are two areas polluted with some of studied heavy metals. One of those pollution sources is located in the uppermost part of the river, around locations S 1 and S 2 , while the other one is located around S 4 location in Miradi e epërme village. It is interesting that Kishnica and Badovci mine tailing dams pollute the river with different heavy metals. It could be observed that, at S 1 station, which is under the influence of Badovci mine tailing in river water are present high concentrations of As, Cr, and Cu and slightly elevated concentrations of Cd. At S 2 station, which is under the influence of Kishnica mine tailing, in river water are present high concentrations of Hg, Mn, Zn, and Cd and in a less extent elevated concentrations of Pb, which has its maximal concentration in the downstream part of the river, originating from other sources. From this it can be concluded that Badovci mine tailings significantly influence the quality of river water with As, Cr, and Cu and slightly with Cd, while Kishnica mine tailings influence the quality with Hg, Mn, Zn, Cd, and Pb.
Assessment of Impact of the Kishnica and Badovci Flotation Tailing Dams and Other Pollution Sources on the Level of Heavy Metals in Water of Graçanica River. In
Lead (Pb) is behaving differently than majority of elements in Graçanica River, as its maximum is present at S 4 location in Miradi e epërme village. This maximum originates from anthropogenic influence of Miradi e epërme village and possibly nearby main road. There is also a secondary maximum at S 2 station, whose origin is surely from Kishnica mine tailing.
Cadmium (Cd) also has two sources: the first one is from Kishnica and Badovci mine tailings, with maximal concentration at S 2 station. But there is a secondary maximum at location S 4 in Miradi e epërme village, whose origin is most probably anthropogenic.
Arsenic (As) behaves similarly as Pb and Cd: its first source originates from Badovci mine tailing and the secondary maximum is present at S 4 location, whose origin is assumed to be anthropogenic. It is interesting that, unlikely for other investigated metals, elevated concentrations of As persist further downstream the river from S 4 location, until its confluence with Sitnica River.
Graphical presentations from Figure 3 could indicate presence of strong self-purification mechanism in Graçanica River for most of investigated heavy metals, as concentrations of most of them drop to normal background levels on next sampling station going downstream. The same thing is happening both in the uppermost part of the river, influenced with mine tailings, and in the lower part with secondary maximum for some metals at S 4 station, with the only exception of As, whose elevated concentrations persist downstream secondary maximum until the confluence with Sitnica River.
Our results will also be compared with results of [40] , who investigated water and sediment at the abandoned Pb-Zn mining site at Gyöngyösoroszi, Hungary, and its influence on the Toka Stream. This site was remediated and acidic mine drainages have been neutralized, but authors concluded that mine tailings still require continuous monitoring because under acidic to near neutral pH values, most of the dissolved potentially toxic elements are present in elevated concentrations. Downstream of the mine discharge, they found that, in the Toka Stream, Mn, Zn, Fe, and Cd were found in elevated concentrations at a location that was close to the discharge. At the same time, the abandoned mine tailing was found to be secondary contamination source, for example, the discharge of the tailing at Gyöngyösoroszi was found to contain high Fe, Mn, Cd, Zn, and Al concentrations and elevated Ni and Cu concentrations. When compared with concentrations found in Toka Stream [40] , concentrations of all studied heavy metals in our research are significantly higher in Graçanica River. That is an indication that project "Clean-Up of Graçanka River Bed in Laplje Selo Village of Graçanica Municipality," implemented in the framework of "EU-Beautiful Kosovo Programme," performed in 2012 with the goal to "perform rehabilitation of the river bed creating beautified and healthier environment for the inhabitants" was not successful, as the project only performed cleaning of the river bed and did not pay attention to remediation of mine tailings of Kishnica and Badovci and to chemical pollution of river water. 
Conclusions
In this study, the distribution of 7 physicochemical parameters and 10 metals in water of Graçanica River were investigated. Most important findings were as follows: (vi) When compared with concentrations found in Toka Stream [40] , concentrations of all studied heavy metals in our research are significantly higher in Graçanica River, what is an indication that project implemented in the framework of "EU-Beautiful Kosovo Programme," performed in 2012 with the goal to "perform rehabilitation of the river bed creating beautified and healthier environment for the inhabitants," was not completely successful, as it did not pay attention to remediation of mine tailings of Kishnica and Hajvalia-Badovci. Therefore, further monitoring of water and possibly sediments of Graçanica River is advised, as well as performing of remediation of Kishnica and Badovci mine tailing dams.
